The main neurotoxic components, toxins Hydrophis ornatus a and Hydrophis lapemoides a, were isolated from the venoms of the sea snakes Hydrophis ornatus and Hydrophis lapemoides respectively. The amino acid sequence of toxin Hydrophis ornatus a was deduced to be identical with that of toxin Astrotia stokesii a [Maeda & Tamiya (1978) Biochem. J. 175, 507-5171 on the basis of identity of the tryptic peptide 'map' and the amino acid composition of each peptide. The amino acid sequence of toxin Hydrophis lapemoides a was determined mainly on the basis of identity of the amino acid compositions, mobilities on paper electrophoresis and migration positions on paper chromatography of the tryptic peptides with those of other sea-snake toxins whose sequences are known. Both toxins Hydrophis ornatus a and Hydrophis lapemoides a consisted of 60 amino acid residues and there were six amino acid replacements between them. The taxonomy of sea snakes in the Hydrophis ornatus complex has long been confused, and the above snakes were originally assigned to taxa that proved to be inconsistent with the relationships indicated by the neurotoxin amino acid sequences obtained. A subsequent re-examination of the specimens revealed an error in the original identifications and demonstrated the value of the protein amino acid sequences in systematic and phylogenetic studies. The isolation procedure and results of amino acid analysis of the tryptic peptides have been deposited as Supplementary Publication SUP 50121 (8 pages) with the British Library Lending Division, Boston Spa, Wetherby, West Yorkshire LS23 7BQ, U.K., from whom copies may be obtained as indicated in Biochem.
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Vol. 213 and the amino acid sequences deduced on homology to the neurotoxins of known sequences.
When it became evident that the identifications based on morphological criteria were inconsistent with the taxonomic relationship indicated by the toxin amino acid sequences, the specimens were re-examined and some of the original identifications were found to be in error. Although the taxonomy of this group of sea snakes continues to be confused because of inadequate sampling, the value of the amino acid sequences of their neurotoxin molecules in elucidating taxonomic relationships is clearly demonstrated.
Experimental and results
All the methods used in venom and venom component analyses were the same as those described previously (Maeda & Tamiya, 1976) .
Chromatography ofthe venoms
The crude .venom (54.1mg dry wt. from 0.155 ml of wet venom) of Hydrophis ornatus from McCluer Gulf was dissolved in 0.01 M phosphate buffer (Na2HPO4/KH2PO4), pH6.4 (lOml), and applied to a CM-cellulose (CM-52; Whatman, Maidstone, Kent, U.K.) column (1.5cm x 19cm) equilibrated with the same buffer. The elution pattern is given in Fig. 1 . The fraction with lethal activity to mice was collected and freeze-dried, and the freeze-dried material was dissolved in 0.1 M-acetic acid (2 ml) and applied to a Sephadex G-50 (fine grade) column (1.6 cm x 100cm) in 0.1 M-acetic acid. Toxin Hydrophis ornatus a (from the McCluer Gulf venom preparation), obtained in a pure state, accounted for 42% of protein and 70% of toxicity of the whole venom.
The crude venom (30.6mg dry wt. from 0.19 ml of wet venom) of Hydrophis ornatus from the Philippines was dissolved in 0.01 M-phosphate buffer, pH6.4 (lOml), and applied to a CM-cellulose (CM-52) column (1.5 x 17cm) and chromatographed (Fig. 2) Elution volume (ml) Fig. 2 . CM-cellulose (CM-52) column chromatography of Hydrophis ornatus venomfrom the Philippines Dried venom preparation (30.6 mg) was dissolved in 0.01 M-phosphate buffer, pH6.4 (10 ml), and applied to a CM-cellulose (CM-52) column (1.5cm x 17 cm) equilibrated wtih the same buffer. At arrow 1, the buffer was changed to 0.01 M-phosphate buffer, pH 6.4, containing 0.05 M-NaCl. At arrow 2, a linear concentration gradient elution with NaCl was applied with 200 ml of the buffer containing 0.05 MNaCl in the mixing chamber and 200 ml of the buffer containing 0.3 M-NaCl in the reservoir. At arrow 3, the NaCl concentration in the eluent was changed to 0.5 M. The flow rate was 80ml/h. , A280; -----concn. of NaCl. Elution volume (ml) Fig. 3 . CM-cellulose (CM-52) column chromatography ofHydrophis lapemoides venom Dried venom (38.7 mg) was chromatographed in the same way as for the Hydrophis ornatus venom from the Philippines (Fig. 2) . The flow rate was 80ml/h. Fractions indicated by the horizontal bar were collected.
, A 280; -----, concn. of NaCl. 'Fingerprint mapping' of tryptic peptides of the toxins Because the venoms were available in small quantities, a partial sequence study was performed on toxin Hydrophis ornatus a from the McCluer Gulf venom preparation (12.6 mg) and toxin Hydophis lapemoides a (10.6mg). Reduced and S-carboxymethylated toxin Hydrophis ornatus a (2.7mg) was digested with trypsin in 0.05 M-ammonium acetate buffer, pH8.2 (0.5ml), at an enzyme/substrate ratio of 1:40 (w/w). After incubation for 16 h at 370C, the digestion mixture was freeze-dried. Freeze-drying was repeated twice after the addition of water (1.Oml each time). Reduced and S-carboxymethylated toxin Hydrophis lapemoides a (approx. 7mg) was digested with trypsin at an enzyme/substrate ratio of 1:50, for 16 h at 370C, in 0.05 M-ammonium acetate buffer, pH 7.8 (1.0 ml).
The digestion was stopped by the addition of 0.2 M-acetic acid (2.5 ml), and the digest was (40cm x 40 cm). Peptide 'maps' were developed as 55cm) as described previously (Maeda & Tamiya, described previously (Maeda & Tamiya, 1976 (Maeda & Tamiya, 1976) respectively. Vol. 213
Peptide TIIc, which consists of peptides TIIe and TIII-6 linked together, and peptide TIII-5, which consists of peptides TIII-6 and TIV linked together, seem to be incomplete digestion products. The Edman degradation of peptide TIII-i revealed its sequence to be Asp-Phe-Arg. The N-terminal residue of peptide TIV was a threonine. Peptide TIIe (approx. 0.05,mol) was digested with Pronase E for 6 h in 0.05 M-Tris/HCl buffer, pH 8.0 (0.2 ml), followed with leucine aminopeptidase for 20h. Applied directly to the amino acid analyser, the digest yielded lysine (1.1 1), S-carboxymethylcysteine (1.34), threonine (2.50), serine and/or asparagine (2.42), glutamic acid (0.70), alanine (1.00) and tyrosine (0.94); the numbers in parentheses are the molar proportions taking alanine as unity. From these results, the presence of asparagine and glutamic acid residues in this peptide was deduced. The amino acid sequence of the peptide is assumed to be identical with that of the corresponding peptide from toxins Enhydrina schistosa 4 and 5 reported by Fryklund et al. (1972) . The amino acid sequence of toxin Hydrophis lapemoides a is thus deduced as shown in Fig. 5 . Discussion Smith (1926) , in his classical monograph on the systematics of sea snakes, included in the Family Hydrophiidae all of those marine snakes characterized by their paddle-shaped tails. More recently, Smith's classification has been revised to produce a number of Family-level classifications (Smith et al., 1977; McDowell, 1967 McDowell, , 1969 McDowell, , 1972 Burger & Natsuno, 1974) in which the only common element has been the removal of the sea-kraits of the genus Laticauda (oviparous, semi-terrestrial) into a Family separate from that of the true sea snakes (viviparous, strictly marine aquatic).
Within the latter group, the most typical genus is Hydrophis (Sonnini and Latreille 1802), containing about 23 species. Hydrophis ornatus has long been regarded as one of the most wide-ranging members of this genus. Smith (1926) recorded it from a large number of localities between the Persian Gulf and the east coast of Australia, and recognized two subspecies: ocellatus from Australian waters, including the Arafura Sea, and the nominate race ornatus from the remainder of its range. Smith also elevated Chitulia inornata (Gray 1849), long regarded as a subspecies of H. ornatus, to full species status, recording it with certainty only from the Philippine Islands. However, Mittleman (1947) again reduced inornatus to a subspecies of ornatus and described a further race, maresinensis, from the East China Sea and the Ryu Kyu Archipelago. It was against this taxonomic background that the specimens collected on the Alpha Helix expeditions were originally identified as Hydrophis ornatus from the Arafura Sea and the Philippines) and the Hydrophis inornatus (from the Philippines). However, the results of the amino acid sequence studies reported above contradicted these identifications, and a re-examination of these specimens has shown that only two species-level taxa are represented:
Hydrophis ornatus (from both the Philippines and the Arafura Sea) and Hydrophis lapemoides (from the Philippines). The latter has long been regarded as a rather rare species that ranges from the Persian Gulf to the coasts of India and Sri Lanka, though Toriba & Sawai (1981) have more recently recorded this species from Penang, Malaysia. Our Philippines specimens therefore extend the range a further 3000km.
The systematics of this complex will be dealt with elsewhere, at which time the status of the races inornatus, ocellatus and maresinensis will be reviewed. However, it is sufficient for the purpose of the present paper to point out that members of the Hydrophis lapemoides species-group may be readily distinguished from members of the Hydrophis ornatus complex by the possession of a series of cuneate scales in the infralabial series. In the sympatric Philippines populations, H. lapemoides is further distinguished from H. ornatus by its palecentred head (uniform grey in ornatus; see Figures in Dunson & Minton, 1978) . However, this latter difference does not appear to hold true in Malaysian populations of these two species (Toriba & Sawai, 1981) . Variation in other morphological features will be described elsewhere.
On the basis of distribution, Philippine snakes in the Hydrophis ornatus complex should be assigned to the form inornatus, which, as indicated above, has variously been regarded as either a race of ornatus or a full species. However, on the basis of morphology, our specimens fall within the range of variation described for H. ornatus, to which we have assigned them, and this is strongly supported by the sequence data, which indicate that their neurotoxins are identical with those from Irian Jaya specimens of H. ornatus.
It is also taxonomically pertinent that toxin Hydrophis ornatus a has the same amino acid sequence as toxin Astrotia stokesii a, although the elution patterns of their total venom components are significantly different. Although the generic placement of Astrotia stokesii has been questioned, with McDowell (1972) assigning it to the genus Disteira whereas Cogger (1975) Table 2 . Number of amino acid residue replacements among hydrophiid short-chain neurotoxins and some elapid short-chain neurotoxins 1-9, Hydrophiidae: Hydrophiinae: Hydrophiini; 10-12, Hydrophiidae: Hydrophiinae: Aipysurini; 13, Hydrophiidae: Oxyuraninae: Acanthophiini; 14, Elapidae: Elapini: Laticaudini; 15-16, Elapidae: Bungarinae: Najini. [Higher classification by Smith et al. (1977).] No. of amino acid replacements 8. Lapemishardwickiineurotoxin 4 4 1 1 1 1 0 0 2 6 6 7 13 20 18 25 9. Hydrophislapemoidesa 6 6 3 3 3 3 2 2 0 7 7 7 13 20 18 25 10. Aipysurus laevis a 7 7 7 7 7 7 6 6 7 0 1 2 14 23 18 25 11. Aipysurus laevis c 7 7 7 7 7 7 6 6 7 1 0 large difference between these toxins ( Fig. 6 and Table 2 ). The largest number of replacements observed previously among hydrophiid short-chain neurotoxins is eight. The difference suggests that the relationship between Hydrophis ornatus and Hydrophis lapemoides is much more remote than their superficial similarities would indicate. The amino acid sequences of toxins Hydrophis ornatus a and Hydrophis lapemoides a were quoted in a previous publication (Kim & Tamiya, 1981) under the names of Hydrophis ornatus '73a and Hydrophis ornatus '75a respectively, the latter based on the erroneous assignment at that time.
